Monitoring, modeling, and regulation for indoor and outdoor exercises by Zhang, Y
Monitoring, Modeling, and




Submitted to the Faculty of Engineering and Information Technology
in partial fulﬁllment of the requirements for degree of
Doctor of Philosophy




This doctoral thesis has been developed based on control and modeling for the body’s
cardiovascular and respiratory responses to exercise, which has provided infrastructure
support for cardiorespiratory disease detection and diagnosis, home based rehabilitation
monitoring, and exercise strength regulation under free living conditions. And this
support is gratefully acknowledged.
I would like to express my thankfulness to all the people who have contributed in one
way or another to the work presented in this doctoral thesis. In particular, I would like
to mention:
My supervisor Dr. Steven W. Su, for his continuous advice and guidance along the real-
ization of this dissertation. He gave me all of encouragements, supports, and advice in
every single moment, something that I will never forget. He knew not only how to awake
my interest and eagerness for the research, but also showed me to enjoy it. Those with
short or eroded memories will never fade in my lifetime. My sincere acknowledgments
and admiration to him.
I also would like thank Dr. Ying Guo and Dr. Branko Celler, of the Australian Com-
monwealth Scientiﬁc and Industrial Research Organisation (CSIRO), Information and
Communication Technology (ICT) Centre, for introducing me to the various projects
and applications at their research interests in the e-Health area, as well as for oﬀering
me the CSIRO ICT Research Top Up Scholarship to encourage me. I greatly appreciate
having known and worked with all of you, and I hope this will continue again in the
near future.
iii
Dr. Weidong Chen, Professor of the Department of Automation at the Shanghai Jiao
Tong University, for his previous fundamental works on the cardiorespiratory system
modeling and control. His guidance has contributed signiﬁcantly to the results in this
thesis.
Dr. Hung T. Nguyen, Professor of the University of Technology, Sydney (UTS), for
providing me a chance to participate in the Australian ‘2011 three-minute presentation’
at faculty round, and ‘2012 UTS Faculty of Engineering and IT (FEIT) showcase’. Not
to mention he always gave the constant support and guidance for my work and helped
me get through this thesis on time.
Mr. Jan Szymanski, Engineer at the School of Electrical, Mechanical and Mechatronic
Systems of UTS, for introducing me to the various aspects of the hardware designs in
microcontroller, as well as for making invaluable comments and options during the study
period of hardware implementation.
Thanks to Gunasmin Lye, Phyllis Agius, Craig Shuard, Pym Bains, Juliana Chea, and
Racheal Laugery for their constant willingness to help and provide guidance with many
formal procedures related to this thesis. The never-ending thesis-related forms, travel
documents, human ethics approval documents, and so on, would have taken up many
more valuable hours if I were not lucky enough to be able to call or visit you wonderful
people when stuck. Not to mention I always enjoyed just dropping in for a chat at the
same time.
Also, I would like to thank my colleagues, Azzam Haddad, Mitchell Yuwono, Jordan
Nguyen, and Davood Dehestani, as well as all other members at Centre for Health
Technologies (CHT) of UTS, for the very hard but also happy moments that we shared
during the development of our respective thesis.
To my colleagues in the oﬃce at CB01.2015, Kevin Weng, Linda Zhou, Rosemary,
iv
Michael Che, Umar Rashid, and Tao Zhang, I have very much appreciated having known
you and working in the same environment as all of you. Each of you are kind-hearted
and insanely skilled in various areas, and I wish you all the best.
My sincere acknowledgments go to all of my friends, who are always there to support me
the way I am for them. And thanks to them for having kept me sane and contributed
largely to the fun I have had over these years in Sydney.
I also want to thank for the support and courage from the UTS librarian gave me
constantly. Their help with the, always too bureaucratic, administrative aspects of this
work is sincerely appreciated.
And last but not least, I would like to thank my family. My dad has been my lifelong
inspiration and mentor, and my mum has always been guiding me. Nothing will ever
come between us. My grandparents are always there to encourage me and I only hope
to make you proud. I love you all more than words can express and your constant love,
support, and guidance over the years have allowed me to become the person I am today.
v
Abstract
This thesis focuses on the modeling and regulation of exercise intensity by using non-
invasive portable sensors. Firstly, an innovative switching Resistance-Capacitor (RC)
model has been proposed to depict the dynamics of human cardio-respiratory (CR)
responses to the onset and oﬀset of exercise. This switching model utilizes electronic
terms with switching mechanism to explicitly depict dynamical characteristics at the
onset/oﬀset of exercise and the transition in between. It can not only guarantee the
continuity of model output between onset and oﬀset of exercise but also quantify lactate
metabolism at onset and oﬀset by using the term ‘oxygen debt’.
Secondly, to eﬀectively regulate human CR responses to exercise, a single-input single-
output (SISO) closed-loop control framework is proposed. Within this framework, a
control oriented modeling approach using support vector regression (SVR) is presented.
Based on that, a novel model predictive control (MPC) algorithm is developed for the
regulation of exercise intensity. Simulation study shows the proposed machine learning
based model predictive control approach can achieve desired performance requirements
for both the onset and oﬀset of exercise and the transitions in between.
The third research topic is related to the monitoring of outdoor exercise. A reliable
Android application based monitoring system is developed. This system includes a
portable HxMBT HR sensor (Zephyr ), an easy-to-use interface, and a supervisory
module. This technique is applicable to cardiovascular disease detection and diagnosis,
home based rehabilitation monitoring, and exercise strength regulation under free living
conditions.
Finally, in order to provide a more reliable automated treadmill system for running
exercise, the multi-loop integral controllability (MIC) analysis is introduced, which ex-
tends the concept of decentralized integral controllability (DIC) from square systems
vi
to multiple-input single-output (MISO) processes. A condition to ensure MIC for 2ISO
is proposed and its suﬃciency has been proved by using singular perturbation theory.
Then, a suﬃcient MIC condition for MISO processes is provided.
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